Introduction
Vertebrates other than fish can withstand starvation only for brief periods. On the other hand fishes can withstand prolonged periods of food deprivation in their natural environments during migrations, reproduction (Hinch et al., 2005; Miller et al., 2009) and also in fish farming (Furre et al., 2011) . Many species of teleosts demonstrate the ability to withstand prolonged periods of starvation, ranging from few months to up to few years, (Larsson and Lewander, 1973; Loughna and Goldspink, 1984; Machado et al., 1988) . Silver eels have been known to survive for more than 4 years without food (Abraham et al., 1984) . During the starvation period, fish may utilize any of the three energy reserves, carbohydrates, proteins and lipids but, the utilization of these energy reserves may not be uniform. In certain fishes parallel to glycogen mobilization, lipid reserves are used up and proteins may be the last to be utilized (Navarro and Gutierrez, 1995) . In fish like sturgeon larvae which were subjected to 72 h starvation period, showed a drastic depletion of lipid reserves, which was accounted for about 40% and protein depletion was found to be 10% than that of the fed group (Han et al., 2012) . Starvation experiments in lower invertebrates such as Caenorhabditis elegans, exhibited an increase in FFA oxidation and lipid utilization to release energy (Elle et al., 2012) , and these authors also found that the impaired insulin signaling lowered the fatty acid oxidation in fed animals but did not show any impairment of b oxidation in the starved group. In addition to these observations, in another study by Ghalami et al. (2011) on rats which were subjected to high fat diet and induction of physical stress, showed an increase in cholesterol and triglyceride content. It is interesting to note that starvation studies by Johnston and Goldspink (1973) , on Pleuronectus plattessa, showed mobilization of lipids involving cellular structures, i.e. cholesterol and phospholipids. Studies by various authors such as Thomas and Murphy (1958) , Sweety et al. (2009 ), Hema Latha et al. (2002 , 2004 ; have all observed either a significant variation in cholesterol levels in tissues and plasma or cholesterol biosynthesis, in certain tissues when humans and animals were subjected to different kinds of stressful situations such as examination stress, starvation stress and induced immobilization stress respectively.
Based upon these studies and observations it is quite evident that cholesterol is a key player, during starvation, which would probably help the animal either as a fuel source and also act as a precursor to synthesize stress hormones, which may either promote gluconeogenesis or help to combat the stressful condition and thus prolong the longevity of fish. The present study is an attempt to understand different aspects of starvation, like if cholesterol can be a fuel of choice for the starving animal, in spite of being a structural lipid? To know if there is enhanced cholesterogenesis in response to starvation stress and also to understand if there is any tissue specific response to cholesterol synthesis, with respect to hepatic and extra hepatic tissues. To understand and analyze these aspects we selected five different extra hepatic tissues such as kidney, brain, accessory respiratory organ and muscle (pectoral and lateral line) apart from liver, for the study.
Material and method
Fish weighing 20-25 g were obtained from Kolleru Lake of Eluru, Andhra Pradesh, India. Care was taken to ensure quick transport to the laboratory. Overcrowding was avoided during packing to minimize the mortality rate.
Fish were carefully transferred into a Durex storage tank of capacity 500 l, made of material corrosive resistant polypropylene. The closed plastic lid of the tank was replaced by a grill lid made of iron. This helped in proper ventilation and aeration of the tank. Fish which were injured or dead were removed from the tank from time to time. Disinfectant (KMnO 4 ) was used to avoid any kind of infection. Anabas, was fed with boiled egg, rice bran meal and commercial fish feed ad libitum. Any leftover feed and fecal matter were removed daily. Water in the tank was changed every day. Fish were brought to the laboratory and sufficient time was allowed for acclimatization. Experimentation was done thereafter. Fish measuring about 3 0 -4 00 in length and in the same range of weight were selected carefully. They were grouped together and kept in circular tubs made of plastic. The mouth of these tubs was covered with fine mesh and appropriately placed such that they were properly ventilated and well aerated. Two types of experimental set up were designed. In the first set up, fish were allowed to starve for 15 days and parallel control was also maintained. The control animals were fed regularly both in the morning and evening. On the 16th day both experimental and control animals were sacrificed by concussion, and the tissues were removed for biochemical analysis. The II experimental set up consisted of fish which were allowed to starve for 2 months (long term). Experimental group and a corresponding control group were maintained similar to that of the short-term. Control group was fed regularly as in the case of short term. On the 61st day, the animals were sacrificed, for experimentation. Six animals in the control and six in the experimental group were killed by concussion and the tissues were removed. The tissues selected for the experimentation were liver, kidney, brain, pectoral muscle, lateral line muscle and accessory respiratory organ. The tissues after being removed were quickly transferred to ice. They were dried sufficiently before weighing. The weight of the tissues was estimated using electric balance. The weighed tissues were thoroughly homogenized using alcohol ether mixture. Crawford (1958) 2.1.1. Principle The homogenates were prepared in 3:1 alcohol ether mixture in the presence of ferric-chloride and react with H 2 SO 4 to yield a stable product with brown color.
Cholesterol was estimated by the method of

Method
A 2% homogenate was prepared in 3:1 alcohol-ether mixture in cold, and the final volume was adjusted. One milliliter of homogenate extract was added to 6 ml of glacial acetic acid. This was followed by the addition of 4 ml of color reagent along the sides of the test tube, which forms a layer below the acetic acid. The two layers were mixed thoroughly to ensure even heat distribution. The tubes were then allowed to cool. The color developed was read at 540 nm. A working standard was prepared using cholesterol powder and the cholesterol in the tissues was expressed as mg of cholesterol/gm wt of tissue.
Results
Shortterm starvation of Anabas, caused an increase in the cholesterol content, except for the liver. Liver tissue showed a decline of 2% (NS) in the cholesterol fraction during the short term. Kidney showed a rise in the cholesterol content and the rise was 82.9% (P < 0.01). The rise seen in the brain tissue was 20.6% (P < 0.05). Accessory respiratory organ also showed an increase of 13.3% (NS). The increase in the pectoral muscle was 154.2% (P < 0.001) and the lateral line muscle showed an increase of 242.4% (P < 0.001) (Tables 1-3 
Longterm starvation of 60 days, caused an overall increase in the cholesterol content in all the tissues of Anabas. Liver showed an increase of 7.14% (NS). In the kidney tissue the increase was found to be 80.4% (P < 0.001). Brain tissue showed an elevation of 69.47% (NS) and the increase in accessory respiratory organ was 7.465% (NS). Pectoral muscle showed a significant increase of 97.823% (P < 0.01) and the increase in lateral line was found to be not significant i.e.14% (NS) (Tables 1-3; Figs. 1-3).
Discussion
In the present study, where Anabas, was subjected to brief and prolonged fasting, an overall upsurge in the cholesterol content was observed in all the tissues studied but for the liver, which showed an insignificant decline in the cholesterol levels during shortterm starvation. This uneven variation in cholesterol levels during starvation may be explained as follows.
Liver
Shortterm food deprivation of anabas, led to an insignificant decline in cholesterol content. This result coincides with that of Shreni (1979) , who had studied cholesterol levels in Heteropnuestes fossilis, and found a depletion in liver cholesterol levels during starvation. A study by Dietcehy and Siperstein (1967) , has observed and reported reduced levels of cholesterol in the liver of starving rats. These authors have attributed this decline in cholesterol levels to reduced sterol synthesis by liver, and opined that hepatic cholesterogenesis could be drastically reduced either by cholesterol feeding or fasting, as these two events have been identified as major Values expressed in mg of cholesterol/g wt. of tissue. Each value is the mean of SE ± of 6 individual observations. NS = Not Significant. *** P < 0.001. ** P < 0.01. Values expressed in mg of cholesterol/g wt. of tissue. Each value is the mean of SE ± of 6 individual observations. NS = Not Significant. ** P < 0.01. *** P < 0.001. physiological control factors of overall sterol balance in intact animals (Gould, 1951 ., Tomkins et al., 1953 Langdon and Bloch, 1953; Tomkins and Chaikoff, 1952) . Based upon these evidences it may be said that in Anabas, during shortterm starvation, the insignificant decline in cholesterol levels may be due to reduced sterol synthesis.
In contrast to shortterm starvation, long term starvation in anabas, led to an insignificant increase in the cholesterol content. This result coincides with the observations of Gardner and Lauder (1913) who have observed increased hepatic cholesterol levels in acutely starving cats and opined that this was because of infiltration of cholesterol from different tissues into liver, or they may be due to ketone incorporation into the cholesterol fraction as suggested by Soling et al. (1970) . Similarly in Anabas, during longterm starvation, there may be some infiltration of cholesterol from other tissues into liver and also ketone incorporation into the cholesterol fraction. This conclusion of ketone incorporation into the cholesterol fraction in Anabas, comes from our own observation (Godavarthy and Sunila Kumari, 2012) where we have observed a greater proportion of circulating ketones in Anabas during fasting and hence their (ketones) incorporation into the cholesterol fraction may not be ruled out.
In summary it may be said that, the insignificant decline during shortterm fasting and insignificant rise during long term, probably do not seem to have a drastic impact on animal physiology and so may be ignored. It is reasonable to assume, that there may be either no change in cholesterol synthesis when compared to the fed group or there may be a decline, but any increase is a rare possibility in this tissue and may be ignored. This overall reduction in the cholesterol synthesis in the liver, may be due to reduced sterol synthesis, as liver is known to respond to starvation much more sensitively than any other tissue. The increase of cholesterol during long term is an insignificant one and so may not be considered.
Kidney
Brief fasting for a fortnight and prolonged fasting of 60 days led to a significant rise in the cholesterol levels. This observation coincides with that of the Dietcehy and Siperstein (1967), who have observed a mild increase in kidney cholesterol levels during fasting in rats. This cholesterol increase may be attributed to the synthesis of steroid hormones such as adrenocorticoids and glucocorticoids, so as to overcome stressful conditions like starvation and also to promote gluconeogenesis (Storer, 1967 and Butler, 1968 ) and thus prolonging the life of anabas.
In order to synthesize the stress hormones, cholesterol synthesis is mandatory and its synthesis may be increased due to the presence of certain compounds such as ''D'' mevalonate, acetate, acetyl CoA and ketones acting as precursors as explained below.
Kidney is known as the primary site for the metabolism of circulating ''D'' mevalonate (Elwood and Van Bruggen, 1961; Duncan and Best, 1963; Edgren and Hellstrom, 1972; Gans et al., 1973; Hellstrom et al., 1973) , and is known to be incorporated into cholesterol precursors and also into cholesterol itself. So it may be suggested that a similar mechanism may have caused cholesterol synthesis in the kidney of anabas also. Starvation studies by Bloch and Rittenberg (1942) , have suggested that when there is acetyl CoA formation, either by FFA or pyruvate oxidation, this acetyl CoA may act as a precursor to cholesterol synthesis. In addition to acetyl CoA and ''D'' mevalonate, ketones are also known to act as precursors to cholesterol synthesis (Soling et al., 1970) . Authors such as Hotta and Chaikoff (1952) , have suggested that when there are low levels of circulating insulin, the body triggers the formation of cholesterol from acetate or acetoacetate.
Taking all these observations into account it may be said that in the present investigation, when anabas was subjected to starvation stress, it is characterized by low insulin levels, as observed by us (Godavarthy and Sunila Kumari, 2011) and also we have observed high circulating ketone levels (Godavarthy and Sunila Kumari, 2012 ), suggesting the occurrence of FFA oxidation. Therefore, it is quite appropriate to assume that there may be cholesterol synthesis occurring in these physiological conditions in kidney leading to an upsurge of cholesterol and thus triggering the synthesis of stress related hormones with ketones, acetyl CoA, acetate, and mevalonate all acting as precursors. 
Brain
Food deprivation for a fortnight resulted in a significant rise and longterm starvation of 2 months led to an insignificant rise in cholesterol content. This observation coincides with that of Shreni (1979), and Dietcehy and Siperstein (1967) , who have reported a similar upsurge in the cholesterol content during fasting, in the brains of H. fossilis and those of rats respectively. This rise may be attributed to the synthesis of stress hormones as observed in all other tissues, as the brain is also known to be a site of stress hormone synthesis (Taves et al., 2011) . Acetate, ketones and glucose, all are known to act as precursors for cholesterol synthesis of which acetate is suggested to be the better precursor for cholesterol synthesis as opined by authors like Thomas (1959, 1961) , Garattini et al. (1959a,b) , Kabara (1965) and Davison (1970) . Studies by Moser and Karnosky (1959) and Kabara (1965) , suggest that glucose is a preferred precursor over acetate for cholesterol biosynthesis. In this context it is relevant to note that glucose uptake is not affected by insulin insufficiency as the brain tissue is known to be insensitive to insulin (Potemkin, 1989; Sokoloff, 1959; Scheinlong, 1965) and hence glucose seems to be available for the starving brain and may also act as a precursor for cholesterol synthesis.
In summary it may be said that in response to starvation, the brain also seems to be synthesizing stress hormones, and hence the rise in cholesterol content, with ketones, glucose and acetate acting as precursors. Probably if starvation is further prolonged, we might expect a significant rise in the cholesterol levels in the brain also.
Accessory respiratory organ
During both the fasting regimes, there was an insignificant upheaval of cholesterol observed in this tissue. This upsurge may also be attributed to stress hormone synthesis so as to overcome the stressful condition efficiently and effectively. May be if the starvation was prolonged further, a significant rise in the cholesterol levels may be expected.
Muscle
Food deprivation of anabas, for a fortnight and two months, showed a very significant upsurge in the cholesterol content in both the pectoral and lateral line muscle, with an exception of lateral line muscle during longterm fasting, which showed an insignificant rise. This overall upsurge suggests that muscles are also sensitive to stress, and the rise may be attributed to the synthesis of stress hormones, such as glucocorticoids and mineralocorticoids so as to successfully overcome the stressful situation of starvation. As explained earlier, ketones, acetyl CoA, and acetate may act as precursors for cholesterol synthesis.
Conclusion
From this study it is quite evident, that when Anabas, was subjected to shortterm and longterm starvation stress, the animal successfully overcame the stressful period and survived all through the starvation, by mobilizing energy reserves such as glycogen, proteins and lipids, and also probably by synthesizing stress hormones, such as glucocorticoids which may promote gluconeogenesis, adrenocorticoids and mineralocorticoids to combat the stress. As cholesterol is the precursor for these hormones, therefore this explains the increase.
Most of the tissues, showed an upsurge in cholesterol synthesis suggesting that in Anabas, all the tissues are sensitive to stress and are capable of cholesterol synthesis so as to synthesize the stress hormones. The results showed that the response to stress was more tissue specific, with hepatic and extrahepatic tissues such as kidney, brain, accessory respiratory organ, pectoral and lateral line muscles showing a variant response to cholesterol synthesis. Liver during shortterm fasting showed an insignificant decline and an insignificant upheaval during long term. As both of these results are insignificant, they may be ignored and it may be said that the liver is the only tissue which responds quickly to factors such as cholesterol feeding and starvation, and therefore in response to starvation it minimizes cholesterol synthesis, thereby balancing the overall cholesterol physiology of the body. Tissues such as the kidney, brain, accessory respiratory organ and muscle (pectoral and lateral line) have all shown a significant cholesterogenesis which may be obviously be related to stress hormone synthesis and compounds such as ketones, acetate, acetyl CoA and glucose acting as precursors for this process. Starvation is physiological stress characterized by features such as insufficient insulin, FFA oxidation yielding acetyl CoA and also a pool of circulating ketones, all contributing to the cholesterol synthesis. Insulin insufficiency triggers the synthesis of cholesterol thus causing cholesterogenesis in most of the tissues with ketone, acetyl CoA and acetate acting as precursors. The idea of cholesterol acting as an energy source to satisfy the energy demands of Anabas during starvation may be ruled out as there has been no substantial decrease observed in any of the tissues studied. 
